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Modtaget PD

LIPOLYTIC ENZYME VARIANTS HAVING PHOSPHOLIPASE ACTIVITY

FIELD OF THE INVENTION

-t The present invention relates to a variant of a parent lipolytic enzyme, and
more specifically to such a variant having higher phospholipase activity than the parent
5 Hpolytic enzyme. The invention also relates to a DNA sequence encoding the vasriant, a
vector comprising the DNA sequence, a transformed host cell harboring the DNA se-
quence or the vector, to a method of producing the variant, and to methods of using the
variant.
' BACKGROUND OF THE INVENTION
10 Phospholipases are useful in a variety of industrial applications, e.g. in baking
and treatment of vegetable oil to reduce the content of phaspholipid.
Phospholipases are known from a number of biological sources, including ani-
mal sources and microorganisms.
F. Ham et al, JAOCS, 74 (9), 1129-32 (1997) indicates that some lipases have
‘15 a certain phospholipase activity, whereas most fipases have littte or no activity on
phosphofipids. Thus, phospholipase activity has been desciibed in the fipases from
g:ﬁ)eaplgpamas,Fusaﬁumoxysponmmdsmphychamhyiws.maumpts
have been made to relate the phospholipase activity to the structure of the lipase. WO
88/26057; M.D. van Kampen et al., Chemistry and Physics of Lipids, 93 (1998), 39-45;
20 A Hjorth et al., Biochemistry 1993, 32, 47024707 . ... . ... . ... . ...

i' | SUMMARY OF THE INVENTION

The Inventors have found that starting from a given parent fipolytic enzyme, it is

possible to make variants with a higher phospholipase activity by modifying the amino
acid sequence In the vicinily of the C-terminal and the aicohol binding site.

25 Accordingly, the invention provides a variant of a parent lipolytic enzyme, which
. varant }
- a) comprises an alteration which Is an insertion, a deletion or a substitution of
» an amino acid residue, and
b) has_ a higher phospholipase activity than the parent lipolytic enzyme.
30 The alleration may be at a position which Is within 10 amino acid positions from

the C-terminal of the mature protein or caresponds o such a position in the H. fanugi-
nosa lipase. The parent Epolytic enzyme may particularly be one having a lid and an
alcohol binding site, and the alteration may altematively be at a position which is

)
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‘ )  nomore than 10'A from the C afom at the sn2 position of the giyc-

. erol pait of a subsivate trighyceride, or

) B b the Epolylic enzyma fid.
. : The Invention also provides a DNA sequence encoding the vasiant, an expres-
5 sion veclor comprising the DNA seguencs, a fransformed host cell harboring the DNA
sequence or the expression vector, and o a method of producing the varant by cull-
. 'vating the transformed host cell so as lo preduce the variant and recovering the vardant
from the resulling broth. Further, the Invention provides processes using the vardam
baking or degumming of vegetabls 6il.

10 BRIEF DESCRIPTION OF DRAVINGS

9 Fig. 9 shows an alignment of lipase sequences.
' ' Fﬁgaz-SShmmﬁmnmandeIWWsespechvelyoﬂbreadDeﬂmﬂeamde-
scribed i the Examples.

DETAILED DESCRIPTION OF THE INVENTION

15 Pavent pokytic Emxyma
The fipolytic enzyme to be used in the present invention is ons that can hydro-
lyze ester bonds. Such enzymss intiude, for example, lipases, such as iriacyiglycerol
fipase (EC 3.1.1.3), lpoprotein fipase (EC 3.1.1.34), monoglyceride fipase (EC
3.4.1.23), lysophospholipase, felc acid eslerase and esterase (EC 3.4.9.1, EC
20 3.4:1.2). The numbers in parentheses 4re the systematic numBers assignéd by the En-" " ™~
, zyme Commission of the International Unlon of Blechemistry in accordancs with the
type of the enzymaiic reactivity of the enzyms.
< The parent iipolylic enzyme may have a id and an alcohol binding sie, e.g. &
fungal Foolylic enzyme. Examples of such pasent Epoiytic enzymes are lipelytic en-
25 zymes of the Humnlcols famBy and tha Zygomycefes family.
The Humicola family of Bpolylic enzymes consists of the fipase frem M. lenugh
. nosa straln DSK 4169 and fipases having more than 50 % homology wih sald Upase.
The lpase from H. fanuginosa (synotym Thermmomyes lanuginosus) is described in EP
258 088 and EP 303 216; & has an amino acid sequencs of 262 amino acids as shown
30 In Fig. 52-5b of EP 305 216; it is also referred to as Upolasa™.

The Humicola family also inchides the following lipolytic enzymes (with pubfica-
tion or. access number of the amino acid sequence in the EMBL, GenBank or Gene-
Seqn databases in parentheses): Asporgilius foelidus lysophospholipase (T88341), A
oryzae lpase PLA1 (V31126), Penicilium camembertii lipase (E04336), Aspergilius
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oryzae lipase ((DBS895), Fusanum oxysporum kpasefphosphofipase (EP 130084, WO
. 08/26057), Fusarium heferosporum Bpase (T08086), A. niger Fpaseffervic acid es-
terase (Y09330), Asperpilivs (ubingensis Bpaseffesulic acid esterasa (Y09331).
. ' The Zygemyceles family comprises Fpases having at least 50 % homelogy vith
. s the Epase of Rizomucor mishe! (P19515). This famBy aleo includes (he fpases from
Absidia reflaxs, A. sperophora, A corymbifers, A. blslmsiesans, A. grissola (all de-
scribed In WO 98/13578 and WO 97/27276) and Rhizopus eryzas (previously R
alveus, R delemaer, R, faponfous, P21891). )
i is of particular interest to derive a variant with phospholpase activity from @
10 parent lipolytic enzyme having no or very s phospholipass actvity, e.g. comespend-
!’ ing % a ratio of phospholipass aclivity to ipase aciiviy below 0.5 PHLUA or belosy 50

Lipolytic enxyme variants
. Tha [polylic enzyms variamt of the inveniion compsises an aiteraon (.., an in-
15 sertion, a deletion or a substitution of an amino acid residus), at a poskion in one of thae
folowing overlapping reglons:
) neay the C-terminal, Le. within 10 emino acid positions from the C-
mewmmmmwwmapWB in the . lanvginosa

fipass,or :
20 ) at the afcohol binding $Be°, L.e. no more than 10 A from the C
atom at the mz p@sﬁ&lon offthe gﬂyoems pax& oﬁ a subs?m@ chgwyo-
‘endy, or
: H) inthekd.
T The lotal number of allerations in the above reglons is typleally nol mors than
25 20, e.g. not more than ‘iOOrno{tmoreﬁhanS ammmybeasmaasﬂorzw

ferations In the above reglons.
In addition, the Gpolytic enzyme varant of the invention may oplionaly ncude
other modfications of the parent enzyms, fiplcally not more then 10, &.9. not more than
- 5 alterations culside of the above regions. One example is an N-ierminal extenstion as
30 described in WO 97/04079, typlcaly conslsting of 1-10 amino acid residues, &g. AS,
v SPIRR or E1SPIRPRP.

Alterations near C-emminal - ' '
As stated above, the vadant of the invention may have ena or more alierations
within 10 amino acid positions from the C-termina) of the mature protein, or at positions
35 comwesponding to such positions in the M. lanuginosa lipase, Le. positons 260-268 of

NZAS-0667828



i0

i5

4

the H. lanuginoss fipase. Comresponding positions may be found by alignment of the
fwo sequences as described lates in this specification.

The Epolytic enzyms variant may ba truncated by deleting amino acld residues
comresponding fo the first 1, 2, 3, 4; 5 or 8 pasitions at the C-terminal. A truncaled vart-

Altemalively, the varant may cary a peplide extension at fhe C-lerminal and/or
the M-terminal. The C-terminal exiension may consist of 1-10 amino aled residues, e.0.
A, P, AG, DG, PG, AGG, PVCGF, AGRF, PRGF, AGGF or AGGFS; or & may censlst of
40-50 residuss, e.g., consisling of the 48 C-terminal residues of the Fusafum ox-
ysporum fipase - AGGFSWRRYRSAESVDHRATMTDAE] EKIKXLNSYVOMDKEYVINN-
QARS. The C-terminal extension may increase the phosphofpass actviy. .

Samz alerations In the region overlapping with the alcohol binding site are de-
scsﬁiedbem

Apmbemdaﬂmﬁmisamﬂsﬁh&onaﬁaposﬂmwmmnd‘mgb@%m
the Humicoia fenuginosa lipase, preferably with an amino acid of inteimadiate skze, e.g.
A C DB NLILST.PorV. Smhaﬁm&onaﬁmwhasbeenfoundsuﬁ'mnﬂoumase
the phospholipase activily.

Other preferred alterations are such that alier the tertiary struclure, e.g. by in-
troducing bulky side chalps or by ﬁsmpmg the bond angles, e.g. by introducing Pro.
Such aRkerations may be made al posiiocns corresponding to poskions G283, £264,
1285, T2687 or L2609 in the Humicols lanuginosa Bpase. Somprefemdlwbstmmonsmre

‘G283A.E.Q.R; L264A,C.P,O; IZSSL,N T: T287A,Q o7 L268N.

" Altsration In lipase Bd

25

As stated above, the amino acid sequence of the parent Epolylic enzyme may
ba modified in the id reglon of the fipase describad in Brady et al., Nature 343, 1920, pp.
767-770 and in Brzowski A M et al., Naturs, 351: 491 (1991). In the AL lanuginose Epass,
the [id is located at positions 80-100, and the modifcation may particularly be made at
posiions 82-68.

mewmmmymmmanMnSaﬂemﬁmmmmmmm
contaln 0, 1,2 or 3 alerafons. A preferred aiteraion Is a substiution of an amino acid
comresponding to G99, D98 andfor ES9 in the Humitels fanuginose Bpase with a neuiral
or posilively charged amino acld, &.g. ast&smwonconespmidhgmegﬂk DOBS W
andfor E9SIK.

Alteration In alcohel binding site

As already stated, the amino acid sequence of the parent fipolytic enzyma may
be modified at a position which is within 10 A (e.g. within 8 A, particularly within 6 A) of
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_ the C atom atthe sn2 position of the glycerol pant of a substrate trighyceride. This region

ie

15

will be referred to as the “alcoho! binding sie” of the fipase; i is described in Brzowsid A
M et al., Natwe, 351; 491 (1901);. Uppenbergetal Biochemistry, 1895, 34, ﬂ6838-
18851; A. Svendsen, Inform, 5(5), 819-623 {1894).
" The variant typlcally contains no more than 10 alieraticns In the alcohs] binding
site, e.g. 1,2, 3,4, 5 or 6 alieraiions.
Theaﬂeraﬁonmavpaﬂewl&ﬂybemﬁmﬁpmﬁofmmmmmng smawhxch
cosnes within 20 posifions (e.g. within 10 posfiions) of the C-terminzal.

. For the Riizomucor méehel lipase, the extent of the alcohol binding ske can be
found from the PDB fie °Sigl.pdb” available in Struciural Classification: of Profsing
(SOOP)onﬁ\eﬂmﬂemm at hip:Aipdd.pdb. bnl.gov, showing the complext with the inhib-
tor n-hextylphosphonale ethyl esier which mimics the subsirate, This Is deseribed In
Brzowsld et al. (supm) and Brady et al. (supra). The folowing amino acid posiions lio
within 10 A of the sn2 position In the Rhizomucor mishei lipaset 25, 28, 80-84, 88, 143-
148, 175, 203, 205, 254-255, 257-259, 264-267. The following are within 8 A: 81-83,
144, 257-258, 265-287, and the following within 6 A: 82, 144, 257, 2686..

In the Humicola fanuginosa lipase, mfonm@pMonsmwmnonﬁm
sn2 posilion:. 18, 21, 81-85, 89, 145-148, 172, 201, 203, 255-258, 258-260, 284-267.
The following are within 8 A: 82-84, 89, 146, 258-259, 265-267, and tha follovwing within
6 A: 83, 148, 258, 268.

Homwology 2nd allgnment

For purposes-of the present invention, the degree of homology may be suRabhy~ -~ "~ -
determined by means of computer programs known I tha ar, such as GAP provided in,
the GCG program packzge (Program Manual for the Wisconsin Package, Version 8,

' August 1994, Genzfics Compuler Group, 575 Science Drive, Madison, Wisconsln, USA

53711) (Needieman, S.B. and Wupsch, C.D., (1870), Journal of Molecular Blology, 48,
443-43), using GAP with the following settings for polypeptide sequence comparison:
GAP creation penalty of.3.0 and GAP extension penally of 0.1. _

in the present invention, comesponding (o7 homologous) positions In the fipase
sequences of Rhizomucor mighel (shimi), Rhizopus delemay (ihidl), Thermomyces

tenuginosa (formes, Humicole lanuginosa). (SP4C0), Penicilium camembertl! (Pcl) and

Fusarium oxysporum (Folnp11), ase defined by the afignment showr in Figure 1.

To find the homologous posiions In fipase seguences not shown in the aligR-
ment, the sequence of interest is aligned to the sequences shovm In Figure 1. The new
sequence is afigned to the present alignment in Fig. 1 by using the GAP alignment to
the most homologous sequence found by the GAP program. GAP Bs provided in the
GCG program package (Program Manual for the Wisconsin Package, Vesslon 8,
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August 1994, Genetics Computer Group, 575 Science Drive, Madisan, Wisconsin, USA
53711) (Needleman, S.B. and Wunsch, C.D., (1970), Joumnal of Molecular Blology, 48,

443-45). The following setfings are used for polypeptide sequence comparison: GAP
creation penalty of 3.0 and GAP extension penally of 0.1.

5 Preferrod variants '

Some preferred varianis of the H. anuginosa lipase have the following modifi-

cations. ARerafions given in parentheses are uncertain. FLR numbers are the inventors®

reference numbers. Comresponding alterations may be made in other parent lipolytic
enzymes. ‘

. 10 FLR2: E1A, GS1A, DI6W, EOOK, P256A, W260H, G263Q, L264A, 1265T,
\ G266D, T267A, L268N, 270A, 271G, 272G, 273F, ( 274S) ' ‘
v FLR3: E1A, GO1A, D98W, ES9K, E239C, Q249R, P256A, G263Q, L264A,

12657, G268D, T267A, L268N, 270A, 271G, 272G273F, (2748)
FLR4: E1A, G91A, DS6W, E99K, N248T, Q249R, W280Q, G263Q, L284A,
- 45 |285T, G26€D, T267A, L259N, 270A, 271G, 272G, 273F, (274S)
. FLR5: SPIRR, G91A, D96W, E99K, W260C, G263Q, L264A, 1265T, G266D,
T267A, L269N, 270A, 271G, 272, G273F, (274S) _
FLRS: SPIRR, GI1A, DO6W, E90K, G263Q), L264A, 12657, G266D, T267A,
L269N, 270A, 271G, 272G, 273F, (274S)
20 FLR7: E1A, GB1A, DS6W, EBSK, G263Q, L264A, [265T, G266D, T267A,
L269N, 270A, 271G, 272G, 273F, (274S)
FLR29: E1A, G91A, DSSW, P256A, WZBOH. 62630 L264A. 12657, 6266D
TT287A, 1260N, Z70A, 218, 3156, 5TE, (274s) o R o
FLR30: SPIRR, DS8W, ESSK, G2683Q, L2B4A, 1265T, G266D, 1‘267A. 1 266N,
‘) 25 270A, 271G, 272G, 273F, (274S)
: FLR31: SPIRR, GO1A, DOBW, G263Q, L264A, 12657, G266D, T267A, L269N,
270A, 271G, 272G, 273F, (274S)
"FLR37: E1A, G91A, DBEW, E99K, P256A, W260H, G263Q, L264A, 1265T,
. G266D, T267A, L269N _
30 FLR39: E1A, G91A, D96W, ES9K, P258A, W260H, G263Q, L264A, 1265T,
“» . (G266D, T267A, L269N, 270A
FLR41: E1A, G91A, DI96W, E99K, Q249R, G263E, G266D, L269N, 270P,
271V, 272G, 273F
FLR42: E1A, G91A, D96W, E99K, Q249R, G263A, G266S, L269N, 270A,
35 2716, 272R, 273F
FLR43: E1A, GS1A, DSBW, E99K, Q249R, 1264P, -G266, 12691, 270P, 271R,
272G, 273F ' ‘
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FLR44: E1A, GO1A, D9BW, E99K, Q249R, L284C, 265N, G266P, T267stop
FLR45: E1A, G91A, DS6W, E99K, (R232L), Q249R, G266S, 270A
- FLR46: E1A, G91A, D96W, E99K, Q249R, G266S, 270D, 271G
FLRA47: E1A, G91A, DS6W, EQ9K, Q248R, L284F, 1265D, -G266, 270A, 271G,
5 272G, 273F
FLRS1.E1A, GO1A, DO6W, E99K, P256A, W260H, G283Q, 1.264A, 1265T,
286D, T267A, L269N, 270A, 271G
FLR52: E1A, G91A, DB6W, E99K, P256A, W260H, G263Q, L264A, 1265T,
G266D, T267A, L269N, 270A, 271G, 272G
10 FLR55: E1A, G91A, DS6W, E98K, Q249R, G266D
' FLR57: E1A, G91A, D96W, EB9K, Q249R, G266A, 270P, 271G
@ ) FLR58: E1A, GO1A, DI6W, E99K, Q249R, L264P, 1265F, L269stop
' FLR59: E1A, G91A, D96W, E99K, Q249R, G266D, L2698, 270A, 271G, 272G,
273F
15 FLR60: E1A, D276, G91A, D36W, E99K, 0249R. G2668S, L269N, 270A, 271G,
2726, 273F _ '
FLR61: E1A, GQ1A.096W E99K, Q249R, GZSBD L269N, 270A
FLR62: E1A, G91A, DS5W, E99K-Q249R, 1264P, L267Q, L 269N
FLR63: E1A, G91A, DSSW, ES9K, Q249R, G263R, 1265L, L269N, 270P
20 FLRG4: E1A, GO1A, DO6W, P256A, W260H, G283Q, L284A, 1265T, G266D,
T267A, L2689N, 270A, 271G, 272G, 273F, ( 274S)
FLRE86: E1A, G225R, G266D ‘
. .FLRB7: E1A, G225R, G263A, 1265V, G268S . . . .. . ... . v we e
FLR68: E1A, G225R, G263A, T267A .
25 FLR73: E1A, G91A, DB6W, EBIK, Q249R, G266A -
Q HL1032: G266D
G2668A
G268S
DS6W,S L, G266A,.SD.C .
. 30 The above variants with (2748) in parentheses may possibly have a further C-
terminal extension of WRRYRSAESVDKRATMTDAELEKKLNSYVQMDKEYVKNN-
. QARS (comesponding to the C-terminal of the F. oxysporum lipase) in full or truncated
form. ’

Nomenclature for amino acid alterations

35 The nomendatuwre used hereln for defining mutations is basically as described
in WO 92/05249. Thus, G91A indicates substitution of G in position 81 with A. T267A.Q
indicates substitution of T at position 267 with A or Q. T267stop indicates a stop codon,
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B

Le. deletion of 7267 and aR following amino acids (i.e. C288 and L269). 270P, 271V in-

. dicates 2 C-lerminal exdension of PV (l.e. & new positions 270 and 2719). -G263 indl-

cates delstion of G at position 268. Parenthesss indicate that the alteration is optonal,

. or in examples that the alteration Is uncegiain. SPIRR indicates an N-terminal exten-
5 slon. D268 may refer to the position or io subsiitution with any amino acld (excepl D).

Phospholipase activity ‘ A
‘ The variant of the Invention has higher phosphofipase activity than the parent
Epolytic enzyms. By the monolayer methed described later In this specification, the
varient preferably has a phospholipase activity of at least 0.9 nmolimin at pH 5.
10 By the PHLU method described later in this specification, the varlant praferably
@ has a phosphofipase activily of at lzast 100 PHLU/ng (mg of pwre enzyme protei),

7 pasticularly at least 500 PHLUAmg. The variant has a ratio-of phospholipase activity to -
fipase activity (both measured at pH 7) of at least 0.9 PHLUAU, preferably at teast 0.5,
particutarly at least 2. _

5 The varianis of the invention have the ability to hydrolyze intact phosphofipid,
as demonstrated by the PHLU method. They may have A, and/or A, activity, so they
- may be able (o hydrolyze one or both fatly acyl groups in the phospholipid.
pH optimum
As iflustraled in the Examples, some variants of the invention have an alafrs
20 pH optimum for lipase activity and an acid pH oplimum for phosphofipase aclivity (..
. .pH 8-10 for ipase and pH 4-8 for phospholipase). Such varianis can be used af acid pH
(e.g. In baking or o degumming, described later), as phospholipases with very low
@ - concomitant fipase actvity. - A

Thermostabiity
25 The thermostabiRy of the vasianl can convenlently be evaluated by means of
Differential Scanning Calorimetry (DSC). Depending on exact mutations, the vardants of
- the invention generaly have simiar or sfighlly fower thermosiabilly than the paren
lipolytic enzyma.
* The temperature at the top of the denahwation peak (T,) of the hpase from
30 Humicola laniginosa viven heated at 80 deg/ir at pH 5 Is just above 70 °C (=T). T, for
the variants of the invention is generaly 5-10 degrees lovwer
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Use of variant

- The variant of the Invention may be used for any purpose where phospholigase

activity Is deslred. Depending on the intended use. the fipase activity can be increased

10

G

15

or suppressed by a stilsble choice of varant and of pH.

: As an example, the variant of the invenfion can be used i the preparetion of
dough, bread and cakes, e.9. (o improve the elasticRy of the bread or caka. Thus, the
variant can be used in a process for making bread, compiising adding the vestant to the
Ingredients of a dough, neading the dough and baling the dough o mala tha bread.
This can be done in analogy with US 4,587,046 (Kyowa Haldso), JP-A 60-78529 (@
Corp.). JP-A 62-111622 (QP Corp.), JP-A 83-258528 (QP Comp.) or EP 428211

Unilever). i is particularly advantagecus o use an enzyme combination as described

In DK 0543/98. : :

The-variant of the iwenfion can also be used to Enprovie the flierabily of an

aqueous solution or sluny of carbolydrate origin by treating it with the variant. This is
pasticulasly applicable to a solution or slurty containlng a starch hydrolysate, especially
a wheat starch hydrolysate since this tends to be difficult to filker and to give cloudy fil-

- {rates. The treatment can be done In analogy with EP 219,268 (CPC (nternational).

35

The variant of the invention can be used in a process for reducing the content
of phospholipid in an edidie ofl, compiising treating the ol with the variant so as to hy-

' drolyze 2 majer part of the phospholipld, and separating an agquesus phase containing

the hydrolyzed phospholipld from the ok. This process Is applicabls o the purification of
any edible oil which contalns phosphofipid, e.g. végetable oll such as soy bean of, raps

.seed ol and sunflower ¢ll. The reatment is preferably canied out at.acid pH, e.g..pH.3-.2

5. Advantageously, at ack) pH the variant of the invention has a high phospholipase ac-
tivity and a low lipass aclivity, due to different pi eplima of the two aclivities.

The process for ofl ireatment can be conducted according to princlples known
in the at, e.g. in anaogy with US 5,284,387 (Metaligeselischalt, R6hm); K. Dalke & H.
Buchold, INFORM, 8 (12), 1284-91 (1985); H. Buchold, Fat Scl. Technol, 85 (8), 300-

304 (1993); JP-A 2-153997 (Showa Sangyo); of EP 854,527 (Metaligeselschafl,

Roehm).
: The variani of tha invention can further be Incorporated in @ detergent of rinsa
compositian, 6.g. for distrashing as descrbed in GB 2,247,025 (Unitever) or in leather
treatment, as descrided In JP-A 7-177884 (Kz0).

The variant of the invention may also be used in the processing of dalry and
other food producis, e.9. as described in EP 567,662 (Nestig), EP 428,211 (Unilever),
EP 168,284 (Nesilg), JP-A 57-189838 (Yekuk) or US 4,119,584 (Unileves).

The variant can be used to prepare lyso-phospholipid (a.g. lyso-lecithin) by
treating the comresponding phospholipid with the varant, e.g. as described I EP

- LA WS
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870840, JP-A 10-42884, JP-A 4-135456 or JP-A 2-48593. The variant can also be used
to make mayonnaise, e.g. as described in EP 628258; EP 398668 or EP 318084.

- Methods for preparing engyme varants
The enzyme vasiant of {he invenfion can be prepared by metheds known by the -
5 git, e.g. as described in WO 97/04072 (Novo Nordisk). The following descrives meth-
- oda for the clonfng of enzyme-enceding DNA sequences, followed by methods for gen-
wa&mw&ammakspecmcslﬁeswmwmemmmm sequence.

Clenlng & IDNA 3eQUBNCE eReoding a eRZYMe
. mDNAsemmeanMammmemmybeWatedfmnmyeeﬂor
@ 40 microorganism producing the enzyms in question, using various metheds well known in
the ast. First, a genomic DNA andfor cDNA irasy should bs constructed using chromo-
mﬂmwmmemrmmmommmMpmmﬁwenzymmbe
studied. Then, if the amino acld sequence of the enzyme Is knovm, labeled oligoni-
cieotide probes may be synthesized and used lo identify enzyme-encoding clonas from
45 a genomic fibrary prepared from the organism in question. Aematively, @ kbeled off-
gonucleotide probe coniaining sequences homologous to apother known enzyma gene
could be used as a proba to idenlify enzyme-encoding clones, using hybiidization and
washing condiions of lower stringency.
Yet ancther method for identifying enzyme-encoding cl}omswou!d hwo&w in-
20 serting fragments of genomic DNA Info an expression vecior, such a8 a- plasmid, .
_transforming enzyme-negafive bacteria with the resulting genomic DNA Wbrary, and

Chen ALt e 7.t DL

then plhéﬁvg the transformed bacieria onto agar containing a substrats for enzyms (m.
. ’ makese), theteby affowing clones expressing the enzyme to be identified.
‘ Alematively, the DNA sequencs encoding the enzyms may be prepared syn-

25 theticaBy by established standasd msthods, e.g. the phosphoroamidite method, de-
scribed S.L. Beaucage and M.H. Canshers, (1881), Tetrahedron Lettess 22, p. 1859-
1869, o7 the method deseribed by Matihes et al., (1084), EMBO J. 3, p. 801-805. In the
phosphoroamidiie method, oligonuciectides are synthesized, a.g. In en automatic DNA
synhesizes, purified, annealed, igated and cloned in appropriaie vectors.

30 ' Fimally, the DNA sequence may be of mied genomic and synthetic orlgin,
mixed synthetic and cDMNA origin or mited genomic and cDNA origin, prepared by
ligating fragments of synthetic, genomic or cDNA ofigin (as appropriate, the fragments
comesponding fo various paris of the entire DNA sequence), in accordance with stan-
dard techniques. The DNA sequence may also be prepared by polymerase chain reac-

35 tion (PCR) using specific primers, for instance as described in US 4,683,202 or RK.
Saild el al., (1988), Science 239, 1988, pp. 467-401.
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Site-diracied mutagenesis
Omaenzytne-emd'mDNAsequemhasbeenisolaﬁed and deskabla
sites for mutation identified, mutations may be intreduced using synthetic ofigonucles-
tides. These ofigonucleofides contain nucieotide sequences flanking the desired mula-
5 {ion siles. In a specific methed, a single-stranded gap of DNA, the enzyme-encoding
sequencs, Is created In a vecior camying the enzyme gens. Then the synthelis rucieo-
tide, bearing the desired mutation, is annealed fo a hemelogous portich of the singls-
stranded DNA. The remaining gap Is thén flled In with DNA polymerase | (Klenow
fragmeni) and the conskuct Is figated using T4 figese. A specific example of this
10 method Is described In Morinaga et al., (1984), Blolechnology 2, p. 846-639. US
' 4,760,025 discloses the intreducticn dé’oﬁgowc!eo‘mdw enceding multiple mutations by
%@ .- performing minor alterations of the casselle. Howaver, an even grealer variety of muta-
ﬂonscanbemeeda&anyommbyﬂm&ﬂomngamem because a mulilude
o?oﬁgomd%eoﬁdm, of various lengths, can be Introduced.
5 Anolher method for infroducing mutations into enzymé-em DNA se-
quences 3 described in Nelsen and Long, (1088), Analytical Biochemistry 480, p. 147-
151. R invoives the 3-siep genemﬂom of a PCR fragment contamlng the deslied muta- -
tion introduced by using adtembalvysynﬂresizeleAswndasomofmmmsm
¢ the PCR reactions. From the PCR-generatsd fragment, 2 DNA fragment camylng the
20 mutalion may be isolated by cleavage with resiriction endonucieases and veﬁmzﬁed]
Into 2n expression piasmid. )
Furthes, Skeris. et al., (11989)) *Site-directed mmagenesls at the acﬂive site
o v+ e Tip920. of Aspergiius ewemeri glucoamylase. .Protein Eng., 2. .621-625;.SIe13. 88 @l aint —non-
(1980), “Catalyiic mechanism of fungal glucoamylass as defined by mﬂagenm of
C 25 Aspi78, Gki179 and Glui80 In the enzyme from Aspemﬁius ‘swamorn. Protein Eng.
vol 3, 193-198; also descrives she-directed mutagenesis in an Aspergiius ghucoamiy-
fase.

Bxpression of enxyme variania
According o the invention, a DNA sequence encoding tha variant produced by
30 methcds described above, or by any aliemative methods known i the art, can be ax-
pressed, in enzyma form, using an expression vector which typlcally includes control
sequences encoding a promotes, operatos, ribosome dinding sike, transiation infiation
signel, and, oplionally, 2 repressor gene or various-aclivatos genes.

Expression vector
35 The recombinant expressicn vecior canying the DNA sequence encoding 2 en-
zyme vagiant of the invention may be any vecior which may convenlently be subjecied
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to recombinant DNA procedures, and the choice of vector wil often depend on the host

cell into which it Is to be infroduced. The vecior may be one which, when introduced

nto a host eel, is mwgmﬁedl into the host cell genome and replicated. togather with the

- chromosome(s) into which Rt has been integrated. Examples of suitable expressicn
5 vectors includs pMTB38.

. Promoter
' ‘In the vector, the DNA sequence should be operably connected fo o suitable
_ m&vsm%pm@w%myb%wmmmmmm
WaﬁvWﬁanwﬂwmmeWﬂmgmeme
10 teins either homologous er heterologous to tha hest cell _
Examples of suilabls promoters for directing the transcriplion of the DNA se-
quence encoding & enzyme vasiant of the invention, especlally in a baclerial host, are
the promoter of the fec operon of E.cofi, the Strapiomyces coelicolor agarase gens
dagA promoters, the promoters of the Bacillus ficheniformis a-amylase gene (emwyL),
15 the promolers of the Bacilus stearolhermophijus maltcgenic amylase gens (amyi), the
promoters of the Bacius amyloﬁquefamens c-amylase (amyQ), the promolers of the
Bacillus subfifis nylA and xyIB genes ete. For trenseription in a fungal host, examples of
useful promoters are those desived from the gene encoding A. oryzas TAKA amylase,
tha TP} (iioss phosphate isomerase) promoter from S. cerevisiae {Alber et al. (1982),
20 J. hiol. Appl. Genet 1, p. 439-434, Rhizomucor mishel aspaniic proteinase, A. niger neu-
fral a-amylase, A. niger acld stable a-amylase, A. niger glucoamwlase, Rhizomucor
miaheﬂ'mse A.OM&@&MDEM@,A.M&GW prwsphatelsomwmﬂ. .

D i A L R et e T A b o2 Nl VNS

acetamﬂaso.

@ Expresslicn vestor
25 The expression veclor of the invention may also comprise @ sultable transerip-
fion terminator and, in eukaryoles, polyadenylation sequences operably connecied to
the DNA sequence cneoding the a-amylese variant of the invention. Termination and
- polyadenylaion sequences may suitably bs derved from the same sources 23 the
promotss.
3D The vector may fusther comprise a DNA sequence enabling the vecior to repl-
cale & Bs host ceft in question. Exampies of such sequences are the origine of repl-
* cation of plasmids pUC18, pACYC177, pUB1{10, pE194, pAMB1 and plJ702. .
The vector may also comprise a selectable marker, e.g. a gene the product of
which complements @ defect in ths host cef, such as the dal genes from B. subfils or B.
35 lficheniforms, of one which confers antibiotic resistanca such as ampicillin, kanamycin,
chicramphenicol of tetracyclin resistance. Furthermore, the vector may comprise As-
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pergillus selection markers such as amdS, argB, niaD and sC, a marier giving rise to

" hygromnycin resistancs, or the selection may be accomplished by co-transformation, e.g.
as described in WO 81/47243. '

The procedures used o ligate the DA construct of the invention encoding a

5 enzyme vaiam, the promoter, temminator and other elements, respeciively, and fo nsent

them into suitable vectors containing the information necessany for replication, are wel

known fo persens skilled In the ant (., for Instance, Sambrook et al., Molecuiar Clon-
ing: A Leboratery Manusal, 2nd Ed., Cold Spring Harbor, 1688),

. Host Cells ‘
s 10 : Tﬁmuemoffmmvenﬂom emaeﬂ'compmmgaDNAcmstanexpmon
. edoro?%emmhmasdaﬁmdabwe.%sa@vanﬁag@medasmhosﬁwﬂhﬁw

recornbinasit production of a enzyme variant of the invention. The cell may be trans-
formed with the DNA conslruct of the lvention encoding the variant, conveniently by
, inteprating the DNA construct (in one or more coples} in the host chromosome. This
15 integration IS generaly considered fo be-an advantage as the DNA sequence is more
Itzely to ba siably maintained in the cell. Integration of the DNA constructs into the host
chromosoms may be-jperforneds according: to conventional methods, e.g. by hemolo-
gous or heterologous resombination. Altematively, the cell may be transformed with an
expression vecior-as descrived above In connection with the differemt types of host

20 colis. . .
The-celzof the Invention may be a cefi of a higher organism such as a mammal

.. "= -or-an- insec; - but-Is -preferably- a- microblal cell, :g. a-bacterial or a~fungal (including - == =
‘yeast) cell.
j Emnmbsofpw?ablobac&eﬂam@mposﬂhebaﬂe&suchasmsub-
25 tills, Bacilfus fichenifornis, Bacilius fsnfus, Becillus brevis, Baclius stearothermophius,
Bacillus alfalophitus, Bacllius amyloliquefeciens, Becdius coagutans, Baciiius clrculans,
Bacillus lautus, Bacllus megalsrivm, Bacillus thuringlensis, or Straplomyyees lividans or
Streptomycses murinus, or gramnegative bacleria such as E.cofl. The Fransformation of
ihe backera may, for instance, be effected by protoplas! transformation or by using
30 competent cells in & manner lmown per se.
The yeast ofganism may favorably be selected from a species of Saccharomy~
" ces of SehizeSaccharBimyces, 8.g. Secchesomycas ceravisias.

" The host cell may aleo be a fiamentous fungus e.g. as&rahnbelommgbaspe-
cies of Aspargilius, most preferably Aspengilius oryzae of Aspergilius. niger, or a strain of
35 Fusarium, suth as @ sirain of Fusarium oxysporium, Fusarium graminearum (i the pes-
fect stafe named wabamﬂazeae previously Sphaeria zeae, synonym with Gdberefla
roseum and Gibberalla roseum . sp. cerealis), of Fusarium suiphureum (in the prefect
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'Memmemmammmmmw&ﬁmm
bectidicides, Fusanium ssmbucium, Fusarium roseum, and Fusarium roseum var.
gramineasnim), Fusarium cerealis (synonym with Fusanium crofdavelinse), or Fusarium
veneneum. ’

5 In @ preferved embodiment of the bwention the host cell is a protease deficient of
profease minus sirakn.

mmemﬂmmbemmmgmmmﬂspemmmyzwhliﬁ
havmmawmgmnamed%bwdew Thﬂss&raihfsdlawribedmwo

97135858 (Novo Nordisl).
© 10 Hamerﬁwsﬁmgﬁceﬂsmybe?mmfomedbyammmchmgpmpﬂm
~ formation and transformation of ths protoplasts followed by regeneration of the cell wall in -
’g . amanner known pey se. The use of Aspergilius as a host micro-organism Is deseribed in
&/ 'EP 238 023 (Novo Nordisk A/S), he conlents of which ase hereby incorporated by ref

i5 Risthod of producing the enzyme varlant of the nvention
. The enzyme variant of the invention may be produced by @ methoed comprising
_ culivating & host cell under condRions conducive to the production of the varant and
recovesing the variant from the celis and/os cullure medium.
_ Thenwd&ammedhwﬁivaika@wce%smyb@anywnvenﬂonaﬁmdimsm- .
20 able for growing the host cell in question and cbtaining expression of the enzyms varl-
‘ ant of the invention. Suitable media are avaiable from commercial suppBers of siay be
2ie e s e PREPAMEG. RiCCOLNG. to published recipes (@.0..23 described in catalogues of the Amed-... .

can Type Cullure Collection).
) Theenzynwmr!antsecretedfmnthehos@oeﬂsmwywnm&mﬂybemm
25 ered from the culurs medium by wel-nown procedures, including separating the celis

from the medium by centrifugation of fination, and precipitading proteinacecus compo-
nents of the medium by means of 2 salt such 23 ammenlum sulphate, fowwm

_ use of chromatographlc procedures such as lon exchange chromatography, affinity -
chromatography, o ths I%e.

30 Expression of varlam n plants
ST T!wpmetﬂhvembna!somhmwaﬁansgenm plant, plmkpaﬂocrphmceﬂﬂ
which has been transformed with a DNA sequence encoding &ie varant of tha tnvention
50 as {o express and produce this enzyme in recoverable quantities. The enzyme may
be recovered from the plant or plant par. Akemafively, the plant or plant past containing
35 the recombinant enzyme may bs used as such.
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The transgenic plan{ can be dicotyledonous or monocotyledonous, for short a

. Mwammwwmwmmpmmgmsudmsmeadowgmss

' (blue grass, Poa), forage grass such as fesuca, loflum, temperate grasse, such as
Agrostis, and cereals, e.g. wheat, oats, fys, bardey, rice, sorghum end mekze (com).

5 Examples of dcol plants are lobaceo, legumes, such as tupine, poiéto, sugar
best, pea, bezan and soybean, and ciucifercus (femily Brassicaceas), such as caull-
mr,wwmmmmwmwmwmmmmmm

’ Examples of piant pasts are stam, callus, leaves, root, fruits, saeds, and tubers.
In the present conteid, also specific plant tissues, such as chicroplast, apoplast, mito-

10 chondsia, vacuole, peroxiseimes and cyfoplasm are considered to be a plant part. Fus-

mm.wmmw&whmmmmm iscon@damdhlbampian&p@uﬁ.
' mmwwwmmwwewwrmmnamthamwoﬁwchpﬂmﬁa
p!anﬂpaﬂﬂsmdp&m&ee&.

ﬂwﬁansgmhp!mepﬂan@ceﬂemshgﬁwvaﬂan&oﬁ%mmﬁmmvbe
15 construcied in aceordancs with methods known in the arl. in shon the-plamt or plant cef
is consiructed by incorporating one or more expression consbucts enceding tha en-
zyme of the invention fnlo the plant host genome and propagating tha resuliing modi-
fied plast or plant cell info & transgenic plant or plant cell.
Conveniently, the expression construct is & DNA construct which comprises @
20 gene-encoding the enzyme-of the inventiod in operable association with approprizie
mguhtowseqummqumdﬁmemmwwmgemmmplammpﬂamm%
cholce. Furthermore, the expsession consﬂmdmaycommﬁs@aseleckabtemmmeﬁuﬂ
o reen s - fop-iSeniifying- host ceBs dnfo which the expression. construct has-been-integrated -and-~
DNA sequences necessary for itroduction of the construct into the plant i question
e 25 (the latler depends on the DNA introduction method to be used).
@ ' _The chojce of regulatory sequences, such as promoter and (eawinalor se-
~ ‘quences and oplionally signal or transit sequences 8 determined, eg on the basis ef
- when, where and how the enzyme is desied 1o be expressed. For nstancs, the ex-
pression of the gens enceding the enzyme of the Invention may be constitutive or in-
. 30 ducible, or may be developmental, siage or lissus specific, and the gens product may
be targeted to @ specific tissus or plant pat such as seeds or leaves. Regulatory se-
quances are eg desciibed by Tague et al, Plant, Phys., 88, 508, 1088.
~ For constiutive expression the 35S-CalMV promoter may be used (Francit et
: al, 1880. Cell 21: 286-294). Organ-speciiic promoters may eg be a promoter from stor-
35 age sink tissues such as seeds, potato fubers, and fruits (Edwards & Coruzzl, 1880.
- Annu. Rev. Genet. 24: 275-303), or from melabolic sink fissues such as meristems (o
et al.,, 1994, Plant Mol. Biol. 24: 863-878), a seed specific promoter such as the glutelin, .
prolamin, globulin or albumin promoter from rice (Y et al, Plant and Cell Physlology
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Vol. 39, No. 8 pp. 885-889 (1998)), a Vicia faba promoter from the legumin BS and the
unknown seed protein gene from Vicia faba described by Conrad U. et al, Joumnal of
Plam Physiology Vol. 452, No. 8 pp. 708-714 (1988), a promofier from a seed ofl bedy
protein (Chen et al., Plant and ceB physiology vol. 38, No. 9 pp. 835-241 (1986), the
5 siorege profein napA promsies from Brassica napus, of any other seed specific pro-
moter known in the ar, eg as descrided in WO 81/14772. Fusthermere, the promoier
may bo a leaf specific promoter such as the rbes promoter from rice or tomato (Kyozula
et al, Plant PWmWyVoﬂ. 102, No. 3 pp.. 294-100D ((1993) the chisrslla virus adenine
methyRransferase gens promoler (Mi¥a, A. and Higgins, DW, Plant Molecular Biolegy
70 Vol. 26, No. 1 pp. 85-83 (199¢4), or the aidP gens premofer from rice. (Kegaya &l &,
: Motecular and General Genetics Vol 248, No. 8 pp. 668-874 (1895), or a wound In-
@ ducible promoker such as the polalo pin promotes (u et &, Plani Molecular Biology
VYol. 22, No. 4 pp. 573-588 (1893). N '
A promoley enhancer element may be used fo achieve higher expression of the
15 enzyme n ihefpdant For Instance, the ps’omterenhasmreﬂmcﬂmaybaam Infrom
Mkmwmmmammenudmmumem@ﬁWem
_ zyme. For instance, Xu et al. op cif disclose the use of the firs{ inron of the rice actin 4
gens to enhance expression.
The seleclable marker gene and any other parts of Mw,gugpmslon construct
20 may be chosen from thoss avallable in the art. o
The DNA constuct is Incorporated into the plant gencme according (6 comven-
tional techniques tmowm In the an, including Agrobacterium-mediated transformation,
virus-mediated transformation, micro cro injection, pariicle bombardment, biokstic iransfor-
T alion, and elediroporation (Gasser el al, Sciente, 244, 1293; Poliyiass, Bio/Techn. 8, T
25 535, 1690; S«Mmrmkoutal, Nature, 338, 2743 1680).
@ ' Prasently, Agrobacterium fumefaciens iedlated gene transfer is the method of
chom for gencrating transgenic dicots (for review Hooykas & Schﬂpemom 1802. Plart
Mol Bicl 18: 15-38), however it can also be used for transforming monocols, although
other transformalion methods are generally prefemred for these plants. Presently, the
30 methed of choice for generating transgenic monocols 5 paricle bombardmen?
{microscopic gold or tungsien parficles coated with the ransforming DNA) of embryenle
calll or developing embsyes (Christou, $992. Plant J. 2: 275-283; Shimamoto, 1904.
Curr. Opin. Biotechnol. 5: 158-162; Vas# et al., 1992, Bio/Technology 10: 857-674). An -
alemative method for trensformation of monocols is based cn pro‘zoplasﬂ transformation
"33 as described by Omiruiieh 8, etaﬂ P!am Molew!arbxo!ogy\lo'l 21, No. 3 pp. 415428
(1993).
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Following transformation, the ransformants having incorporated the euﬁmssion
construct are selected and ‘regenerated into whole plants accordmg to methods well-
kmwn inthe art

HATERIALS AND METHODS

5 Umeac{ﬁvnty@&m
’ Awbsmmﬁpaseﬁsmpamdbyemmﬁyingﬁtﬁuwwﬁywmm%uﬁw@ﬁsb
using gum Avabic as emulsifier. The hydrolysis of tribuyrin 2t 30 °C at pH 7 i folowed
“in 2 pH-stat titration experiment. Cne unit of Epase aclivity (3 LU) equals the amount of
% _mmmwmmﬁMbmgmﬁnhaﬁw&aanm.

10 Phesphelipase. activily ((PHMB»
' Phosphofipasa acfivity (PHLU) is measured as the m&easeoﬂreefaﬂtyaclds :
from lecithin: 50 pt 4% L-alphaphosphalidyicholine (plant lecithis: from Avanti), 4.% .
Triton X-100, 5 mi-CaCl, in 50 mM HEPES, pH 7 is acded 504 enzyme sojutlon di-
luted to an appropriale concentration i 50 miM KEPES, pH 7. The samples are incu-
15 bated for 10 min at 30 °C and the reaction siopped at 93 °C for5 min- prics to centrifu-
galion (5 min at 7000 rpm). Free faity acids are detemmined using the NEFA C kit from
Wako Chemicals Gmbi; 25 gl reaction mbdure is added 250 pl Reagent A and incu-
ba‘ted10mhnat:&?"C.TmmmReagenRBwaddedandﬁnesampbisﬁwbaw
agaln, 90 min at 37 °C. The absorpiion-at 550 nm Is measured using an HP 8452A di-
me e --20-o0earray specifophotomeler. Samples are fun in-at least:-in-duplicales. -Substrale andre~ -
' enzyms bfinds (preheatsd enzyms samples (10 min at 95 °C) + substrate) are ncluded.
- Olelc acid is used as a faltty acld standard. 1 PHLU equals the amount of enzyms ca-
Cj@ pable of releasing 1 pmol of free fatly acidimin at these conditions. .

Phospholipase mn@mkay@v 2938y
- 25 Omanrwmugmypmﬁedsuﬁmoﬂabuﬁe?sohuﬁon(mwwmehmnle)
© 8.0 or 10 mM NaOAe, pH 5.0; 1 mi} CaCl2, 25°C) a monolayer of Di-Decanoyl-
_ Phosphatidyl Chofine (DDPC) ks spread from a chioroferm solution. After relenation of
T . the monolayer (evaporation of chiorofom) the swsface pressure ks adjusted to- 15 miN/m,
comesponding fo a mean molecular area of DDPC of approxt. 63 A¥molec. A solution
30 containing approximately 60 g (micro gram) enzyme is injected through the monoleyer
Into the subphsase of the re-action compartment (cylinder with surface area 2230 mm2
and reaction volume 568570 mm3) in the "zero-order rough®. Enzymatic aclivity 8
manifested through the speed of a mobile barrier compressing the monolayer in order
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to maintain constant surface presswre as insoluble substrate molecules are hydrolysed
into more water soluble reaction products. Having verified that the aqueous solubility of
the reaction products (capric acid and MDPC) are considerably higher than for DDPC
the number of DDPC-molecules hydrolyzed per minute by the énzyme Is estimated
from the mean molecular area (MMA) of DDPC. The resulis are calculated on basis of
average barrier speed over the first 5 minutes of hydrolysis.

Yeast Strain
Saccharomyces cerevisiae YNG318: MATa leu2-D2 ura3-52 his4-539 pep4-
D1[cir+] . described in WO 97/04079 and WO 97/07205.

Transformation of yeast strain
The DNA fragments and the opened vectors are mixed and transformed into
the yeast Saeccharomyces ceravislae YNG318 by standard methods.

Vactor for yeast transformation -

pJIS0026 (S. cerevisiae expression plasmid) is described in WO 97/07205 and
in J.S.0kkels, {1986) "A URA3-promotes deletion in a pYES vector increases the ex-
pression level of a fungal fipase In Saccharomyces cerevisiae. Recombinant DNA Bio-
technology Hil: The Integration of Biological and Engineering Sciences, vol. 782'-01‘ the
Annals of the New York Academy of Sciences). Itis derived from pYES 2.0 by replacing
the inducible GAL1-promoter of pYES 2.0 with the constitutively expressed TPl (tiose
phosphate Isomerase)-promoter from Sacchammyoes cerevisiae (Abert and Karwa-

- gt

saki, (1882), J. Mol. Appl Genet., 4, 419434), and deleting a part of the URA3 pro- ~

- moter.

m -

Screoning mothod ' '
The yeast ibraries are spread on celluiose filters on SC-ura agar plates and in-
cubated for 3-4 days at 30°C.
The filters are then transfemred {o the lecithin plates and incubated at 37°C for
2-8 hours. Yeast cells harbouring active phospholipases will develope white clearing
zones around the colonles. The posiive variants can then be further pusified and
tested.

Media
SC-ura medium
Yeast Nitrogen (without amino aicds) 759
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Succinic acid’ 11.3g
NaOH o 68g
- Casaminoacid (without vitamins) 589
Tryptophan 01g
Distilled water ad 1000 ml
Autoclaved for 20 minutes at 121°C.

From a stetile stock solution of 5% Threonine 4 m! is added to a volume of 900
mi {ogether with 100 mi of a sterile 20% glucose.

5 10989amsebmeltedh550num0bybomngmamiuowaveoven.mter
cooling to 80-70°C the following ingredients are added:
- 250 mj of a 0.4 M Citrate buffer (pH 4.5 or pH 7.1)
200 mi 3% lecithin (from Avanti) in 2% Triton-X 100

| b  Preparation of Lecithin plates:

2 mi 2% crystal violet
10 “30 m! of the mixture is poured info 14 cm @ petsi dishes.
EXAMPLES
Example 1 .
Construction of variants vnth ano!asa “backbone” and C-terminal from Fusarium
~ o s - ue.OXYSPORIM-Phospholipase by POR reaction . . . . . coiiconcminsin s o s
' 15 For the Lipolase backbone the following variants were used as template:
4 HLR908 (E1A, G91A, D9BW, E99K, Q240R) or HLR739 (SPIRR, G91A, DSSW, ES9K,
‘) Q249R), HLRO07(wt Lipolase) was used for generating a fragment in the C-terminal

without Q249R. The lemplate for the C-tesminal phospholipase was the F.o. phosphol-
pasa, cloned in the same vector as the Lipolase variants.
20 PCR reaction 1: 4244 as §' piimer and H7 as 3'primer and either HLR908 (to
get E1A) or HLR738 (o get SPIRR) was used as template.
PCR reaction 2: FOL14 as 5 primer and FOL15 as 3’ primer and HLR907 as
template (no mutation in pos 249)
PCR reaction 3: FOL18 as & pnmer and AP as 3’ primer and F.o. phospholi-
23 pase as template
A PCR reaction 4 was made to create the connecfion between the Lipolase
variant and the C-terminal from the phospholipase by using FOL14 as 5' primer and AP
as 3’ primer and PCR reaction 2 and 3 as template.
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The final PCR was made with 4244 as §° primer and KBoj14 as 3’ primer and
PCR re-action 1 and 4 as template. ( By using HLRS07 es template in reaction 2 a
posibility to omit the mutation in position 249 was created).

The final PCR fiagment was used in an in vivo recombination in yeasttogelher

5 with pJS0026 cut with the restriction enzymes. Smal{or BamHI) and Xbal (to remove

the coding region and at the same time create an overlap of about 75 bp in each end fo

make a recombination event possible). This final treatment was also used in the fol
lowing examples.

Primer FOL14 and primer 15/16 are mixed ofigoes to give the possibifity to bind

10 both with Lipolase and phospholipase templates and at the same fime give possibilities

for introducing the amino acids from both templates in the different positions. For some
ofmeposiﬁonsnewamhoa_cﬂacquldbelnboducedasweﬂ. ' .

Primer FOL14

Position 205 in the H. IanugmosanpaseJS%R.zs%s

15 Primer FOL.15/18

Position 256 in the H. lenuginosa Bipase: 50% P, 50% A
Position 260 in the H. lanuginosa Bpase: 25% R, 12.5% Q, 12.5% H, 12.5% C,
12.5% Y, 12.6% W, 12.5% stop.
The resulting variants were denoted FLR2, FLR3, FLR4, FLR5, FLR8 and
20 FLR7. Their sequences were determined as described earlier in the description.

- Example 2
Produchon of truncated sequenees

TN Vanaals of FLR2 were made’ w:thsiop afier aminG acid 286 w00, 272

273:md274) )
25 ThefollowmgPCRreachonsweremadewithFLR2astemplate.
- - Reaction 1: §' primes 4244 and 3 piimer KBoj38 (stop after 269)
Reaction 2: 5 primer 4244 and 3 primer KBoj37 (stop after 270)
Reaction 3: §' primer 4244 and 3’ primer KBoj38 (stop after 271)
Reaction 4: 5 primer 4244 and 3 primer KBoj39 (stop aftes 272)

30 The resulting variants were denoted FLR37, FLR239, FLR51andFLR52.Thelr ‘

sequences were determined as described earlier in the description.

Example 3
Removal of mutations in the lid region
) G91A or EBIK can be removed without loosing the phospholipase activity,
35 The resuiting variants were denoted FLR29, FLR30, FLR31 and FLR64. Their
sequences wese determined as deseribed earfler in the description.
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) Example 4

10,

Doping in the C-iennlnal region of Lipolase to introduce phosphollpase acﬁvlty
mediﬁemMBbmnesmmnmdwﬂhpmihiwesfwmmaﬁmhvpo-

sition 256 and position 263-269. At the same time possibilities for extension of the G-

terminal with either 1, 2_30:4anm_audswaeinchded
_ Doping, the wt sequences are underfined:

2568:P94,A3, T3

263:G7,E48,A3.8,R36,Q02,P02

264:L87,P4.8,Q3.8,V36,A02 E02

265: 185,756,122, S 1.6, N 1.5, F 1.4,R 0.4, K 0.4 AP 0.1, GDCHY
0.03, Q,E0.01,stop 0016

266: G 88, D59, R2, S 1.7, C 1.6, A 09,V 09, E 0.7, W02, HY 04,

T lL,TFP0.02,QK001 stop 0.014

15

20

267:186,A66,51.9,R09,N0.9,10.9,K0.9, M0.9,P 0.9, P 0.9, GV 0.14,

D,E 0.07, L003 C.QHFW)Y 0.04, stop 0.0

268:£91,519,R 1.0, 6 1.0,F 0.9, Y 0.9, L 0.04, AN,DH.I.PTV0.0‘! stop
2.8

269: L 92, stop 8 (KBoj 32 and KBoj33y N 86, K 2.7, D 1.8, H 1.8, 1 1.8, S18,
T19,Y1.8,R0.1,QME0.08, A.C,G,LF,P.V 0.04, stop 0.06(KBoj34)

270: stop 100 (KBOj33YA 44, P 44, $ 1.9, T1.8,R15,L.15,G 14,V 14,D
0.7.Q0.7, E0.7, H0.7, N.C,LK.M,FW.Y 0.03, stop 0.03 ( KBo] 32 and KBoj 34)

271:G72,R4.5,V32,E 3.0, C29,A16,512,D01.0,L05,1KY0.15 QT

-+ 008, NP Q:05; S10p B2 - - - - - - sonus e o

272:G72,R4.5, V32 E 3.0, 029 A16 S1-2.D10 LO0.5, 1KY 0. 15 QT
0.08, N,P 0.05, stop 9.2 ) :
273:F74,L11,828,127,V 27, Y2.5 02.5 ART 0.1, ND.H 0.08, QEK

0.01, stop 0.5

274 STOP o

Library A: PCR reaction with 4244 as 5° priimer and KBoj 33 as 3’ primer and
HLR908 or HLR1178 (E1A, G225R) astemplarle.\larmtsfromthis library will be with-
out extension. '

Library B: PCR reawonwith4244as5'prhmrand KBoj 32 as 3" primer and
HLR908 or HLR1178 (E1A, G225R) as template. Variants from this {fibrary will most
probably contain a C-terminal extension but can contain stop codons before the exden-
sion. .
Library C: PCR reaction with 4244 as 5 primer and KBoj 34 as 3 primer and
HLRG08 or HLR1178 (E1A, G225R) as template. Variants from this Fbrary will most
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probably contain mutations in position 269 and a C-terminal extension but can contain
. * stop codons before the extension.
The following variants were oblained (see dscnptmn earfier in this speciﬁm-
. tion): .
) 5 " Library A: FLR5S
Library B: FLR45, FLR45, FLR48, FLR57, FLR58
Libraty C: FLR41, FLR42, FLRA43, FLR59, FLR60, FLR61, FLR62, FLR63.

Example 5
Lipase and phospholipase activities of varants .
- 10 A number of variants of the invention (described above) were purified and ana-
e_ lyzedasfoﬂows.Apﬂor-anenzmeﬁanFoxysponmhmnbhaveboﬂwﬁpaseand
phosphoﬁpasoadrmtywashemdedforcomamon.m:esults are shown in the table
below.
The fipase (LU) and phospholipase (PHLU) aclivity was measured and ex-
15 pressed as activity per mg of pure enzyme protein (measured by absorption at nm).
The matio of phospholipase to fipase is also shown in the table. Further, the pH optimum
was determined by using the LU and PHLU methods at various pH values.

. Aclivity Ratio pH optimum
Variant LUz | PHLUA,, |PHLWU/WU| W | PHLWU
FLR2 24 173 72 810 | 80
FLRé 1984 824 42 910 | 4.0
: - e FLR20 - { --138---| --424 - 307 -f---- 40 -~ - o o
Invention. FLR37 27 229 848 40 -
O e . FLR46 1568 . o 4
’ . FLRS5 6
FLR57 10
HL1032 ) 6 - 5
Prior art | F. oxysporumwiki | 2500 2500 1.0 9-10 $-10
lype _
Examplo 6-
Phospholipase activity by monolayer assay -
20 A number of varlanis were analyzed for phospholipase activity by the mono

layer assay described above at pH 5 and 9. Some prior-ait lipases and variants were

NZAS-0667847



23

included as reference. ﬂxemuns(hnannm)wereasfouows(FoLrefemtothe

PRSI

Fusarium oxysporum lipase/phospholipase):
pHS .pHY9
HL 1032 0.20 0.3
FLR2 45 34
FIRG 48 6.3
_Invention FLR 29 62 75
FLR 37 58 5.3
FLR 46 13° 26
‘ " FLR55 . 33 0:1
e . FLRS57 - 05 0.2-
Lipolase 0.0 0.0
Prorart |- Lipolase variant HLR282: " 0.0
SPIRR+NS4K+F95L+DOSH+N101S+F181
L+D234Y+1252L+P256T+G263A+.264Q .
Fol 38 52
Example 7
Thermostabliity of variants ) . '
5 - The thermostability of variants was tested by DSC (Differential Scanning Calo-

.. Timelry) by heating at 90 deg/hr at pH 5 (50 mM acetate buffer), pH 9 (50 mM borate

buffes) or pH 10 (50 mM glycine buffer). The temperature at the top of the denaturation

0 peak (T was found as folluws

Vartant pHS pHO pH 10

FLR2 54°C T e2C
FLReE 57°C S7°C 56°C
’ Invention FLR20 58°C 68°C 68°C
FLR46 64°C 61°C
HL1032 69°C 85°C 67°C

Prior art Fusarium ox- 49°C .
ysporum lipase

.10
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Example 8

Degumming of vegetable oil
Rape seed oll was treated with two variants of the invention, essentially as de-
scribed in Example 6 of WO 98/18912 (Novo Nordisk).

24

5 The variant FLR2 was tested at various pH and temperatures. The enzyme
. dosage was 0.8 mg of enzyme prolein per kg of oil. Resulis:
ﬁtl’emp . ' pH ln?ﬁal perfoomance | Final P content
‘ _ after 6 hours

45°C 4.5 0% 42
45°C 5.0 40 % 1
45°C 5.7 100% 4
45°C - ‘85 60 % 3
35°C 5.8 20 % 4

- 80°C 55 0% 35
55°C 55 0% 38

The results show optimum performance at pH 5.7, 35-45°C. A separate ex-

periment-at 45°C, pH 8 showed that a final P conlent of 4 ppm could be reached at an

enzyme dosage as low as 0.15 mg/kg.

10 A similar experiment with variand FLR8 showed optimum perforrnance at 40°C,
pH 5.0-5.5. The enzyms dosage was 0.3 mg/kg.

A degumming experiment was made with variant HL1032, using rape seed oil
at.45°C, pH 5, 1.8.mg enzyme/kg oil. For.comparison, a-similar experiment- was -made- < s - -

with the parent lipase (Lipolase) at 18 mg/kg. The results (P content) were as follows:

Invention Reference
HL1032 Lipolase
0 hours 168 ppm 231 ppm
3.4 hours 7 ppm 203 ppm
" 45 The results show thal good degumming (<10 ppm residual P content) was ob-

tained in 3.4 hours with variant HL1032. The parent fipase had very little degumming
effect, even at 10 times higher enzyme dosage.

Example 9
Baking tests

The varlant FLR-2 was evaluated in baking tests as follows.

NZAS-0667849



)

[T RN et N

25

Doughs were prepared from Meneba flour according lo the Eurcpean straight
dough method (ABF-SP-1201.01). Tha vasiant, ascorbic acld, phospholipase (lecithin)
and endo-amylase were added to the dough as described below. The endo-amytase
wasma!bgemamylasefroms stearothermophilus (fradename Novamyl®). The

5 amytase dosage s given in MANU units. One. MANU (Maliogenic Amylase Novo Unif)
may be defined as the amount of enzyme required to release one pmol of mafiose per
nﬁmlaatawnwnuahonoﬁOmgofmdtoubsesubsha:epemuofMMdhabbuﬂar

" pH 5.0 at 37 °C for 30 minutes.
Dough | Ascorbic FLR2 Phospholipase | Lecithin | Novamyl
ot | mgenzymeng | mgenzymeng -| o/kg | MANUKg
1 40 ppm ) o 0 )
2 40 ppm 0 i 04 10 o -
3 40.ppm 0,25 i} 10 (4 I
.4 40 ppm 0,5 0 10 0
5 40 ppm 1,5 0. 10 o
6 40 ppm 0 0 10 750
7 40 ppm 1.5 0 10 750
8 40 ppm 025 0 10 750

ARer baking, the Ioaveswere cooled, and the loaf volume, crumb firmness and
10 sofiness were evaluated after approximately 2 hours. The evaluation was repeated af-

..Jer. 1, 3 and 7 days storaga at.22°C wrapped.in double plasticbags, .. ... .cn oo

——h SAe gt v

Firmness of crumb was measured using a texture analyzer TA-XT2 from Stable

Micro Systems {probe diameter 40 mm).

Softness in gramn was measured as the force needed to press a probe 6,25 mm
16 into a crumb of a 25 mm thick shice of bread ( 25 % penetration).
.A compatison of loaf volumes for dough 6 and 7 showed that the addition of 1.5

mg of FLR-2 vatiant increased the loaf volume by 8 %.
The results for fiitmness and elasticly are shown in Figs. 1 and 2. A comparison

of doughs 6, 7 and 8 shows that the FLR-2 variant gives significantly softer crumb and
20 significantly better elasticity from day 0 o day 7.
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CLAIMS

1. Avarlantofaparentlipo!yhcenzynw.whuwaﬁant -
‘ a)  comprises an alteration which Is an Insertion, adeleﬁonoraaMhﬁon
of an amipo acid residue, al a position which is within 10 amino acid posifions
5 from the C-terminal, and

b) . hasahigimphosphdbaseacﬁyﬁyﬂ)anﬂnpaMWcm.

2. A varlant of a parent lipolytic enzyme having a Iid and an alcohol binding sits,
@ whchvarant _ -
a) comprbesanaltemﬁonwhid\isanirtsetﬁon.égieledonorasubsﬁtuﬁon
10 of an amino acid residus, at a positonwhichis
D withinmamtnowdposnionsfmmﬂ-.ec-tem or
i) no more than 10 A (preferably no more than 8 A) from the C
atom at the sn2 position of the glycerol part of a substrats.
. Hriglyceride, or
15 i)  in the lipolytic enzyme lid, and
: b)  has a higher phospholipase adivityﬂ\antheparent IIpolyﬁcemyme

T g i Varnt o eithér preceding clabm which has a phospholipaseactity greater T T
i, than 0.1 nmolimin In a monolayer assay at pH 5 as described herein.

4.  The vasiant of any preceding ciaim which has a phospholipase aclivity greater

20 than 100 PHLU/mg (preferably greater than 500 PHLU/mg) and/or a ratio of phospholl-

- pase activily to fipase activily greater than 0.1 PHLUAU (preferably greater than 0.5
PHLUMLU).

5. . ThevanamOfanypreoedhgclahnwherehmeparemlbolyﬁcenzymhasa

phosphofipase aclivity below 50 PHLU/mg and/or a ratio of phospholipase activity to
25 Gpase octivity betow 0.4 PHLUALU.
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8.  The variant of any preceding claim which is native to an eukaryote, preferably to
a fungus. o

7. The variant of any preceding clakn wherein the parent lipolytic enzyme-belongs
tothe Zygomycetefgmiry., o

8.  The variant of any of claims 1-8. wherein the parent lipolytic enzyme belongs to
the Humicola family.

9.  The variant of the pi'eeedingdai'mwheminﬁ:epatem lipolytic enzyme tsma'lv

_ pase of Humicola lanuginosa strain DSM 4109.

10

15

. g o e e

T27AQ or L269N.

10.  The variant of any preceding claim which comprises an alferation which is 2 sub-
stituion at a position corresponding to G266 in the Humicota lanuginosa tipase, pref-
erably a substitution G266A, C,D, N, L., 8, T,PorV.

11.  The variant-of any preceding claim-which comprisesan alteration at a position
corresponding to position G263, 1.284, 1265, T267 or 1.269 in-the Humicols lenuginosa
lipase, preferably ‘a .substitution which is G263AE,Q,R; L264A.C.P,Q: I265LN,T;

- 12, The variant of any preceding claim which comprises an alteration in the lid which

is a substitution of a negatively charged amino acid residue with a neutral or positively
charged amino acid residue, or a substitution of a neulral amino acld residue with a
posttively charged amino residue.

13.  The variant of the preceding claim which comprises an alieration In the kd at a

position corresponding to posilion G91, D98' and/or E99 in the Humicola lanuginosa li-
pase, preferably a substitution which Is G91A, D98S,W or ESZK:

4. The variant of any of claims 8-10 whereln the alteration in the alcohol binding site
comprises deletion of amino acid residues at positions corresponding to positions C268

25 and L269 in the lipase derived from Humicola lenuginosa strain DSM 4109,
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The variant of any preceding claim which comprises a peptide extension at the
C-texminel, preferably comprising 1-5 amino acid residues, the first preferably being A,
P or D, the'sedond(ifpmeni)prefeléblybehgv G or R, the third (if present) prefera-
bly being V,. GorR.lhefomth(ifpr&cm)prefemblybeth and the fifth (if present)
5 preferably being S.

.16. A DNA sequence encoding the variant of any preceding claim.

10

25

17.  Avector comprising the DNA sequence of the preceding claim.

18.

10.

20. -
15

~ Atransformed host-cefl harboring the DNA sequence of daim 18 or the vector of
claim 17.

A method of producing the variant of any of claims 1-15 comprising

a)

cultivating the cell of claim 18 so as to express and preferably secrete

the variant, and

b)

Tecovering the variant.

A msthod of producing a phospholipase, which method comprises:

a)

B

c)

9

g)

h)

selecting a parenl Tipolytic enzyme,

“identifying one or more amino acid residues in the parent Bpolytic enzyme

at positions which are within 10 amino acid positions from the C-terminal
making alterations each of which Is an insertion, a deletion or a substitu-
tion of the amino acid residus, _

optionally, making alterations each of which Is an Insertion, a deletion or a
substitutlon of an amino acid residue at one or more positioris other than
b),

preparing the variant resulting from steps b-d,

testing the phospholipase activity of the variant,

optionally repeafing steps b,

selecting a variant having higher phospholipase acfivity than the parent
ipolytic enzyme, and
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D  producing the variant to obtaln the phosphofipase.

21.  Amethod of producing a phosphofipase, which method comprises:
. a) se!ecﬁngapamﬁpoiyﬁcenzyrmhavingaﬂdandanabombhdhg
site, :
5 b).  identifying one or more amino acid residues in the parem fipolytic enzyme
at positions which are: '
)  wihin 10 amino acid positions from the C-terminal, or
)  nomore than 10 A from the C atom at the sn2 position of the
glycerol part of a substmte !nglycende or
e "7 i) inthe lipolylic enzyme id, and
¢)  making alterations each of which is an inserfion, a deletion or a substitu-
tion of the amino acid residue, '
d) optionaﬂyzml@gaﬂeraﬁons&achofwhidﬁsaninsérﬁon.adebﬁono:a
- substitution of an amino acld residue at one or more positions other than
15 b), |
'~ e) preparing the variant resulting from steps b-d,
f)  testing the phospholipase activity of the variant,
g)  optionally repeating steps b1,
. h)  selecling a variant having higher phospholipase actmty than the parent
) lipolytic enzyme, and
Q h) producing ﬂ'tevammloobtalnthephospholpase.

22. A process for preparing a dough or a baked product prepared from the dough
which comprises adding the variant of any of claims 1-15 fo the dough.

- 23.  The process of the preceding claim which further comprises adding to the dough
25 an endo-amylase and a phospholipid. '

24.  The process of either preceding claim wherein the endo-amylase is from Baci-
lus, and is preferably a maliogenic amylase from B. stearothermophilus.
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. 25. A process for reducing the content of phospholipid in an edible oil, comprising
. treating the oil with the variant of any of claims 1-15 so as to hydrolyze a major part of

the phospholipid, and separating an aqueous phase containing the hydrolyzed phos-
. pholipid from the of.
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- Primers
. 4244: 5-TCA AGA ATA GTT CAA ACA AGA AGA-3'
AP: 5-GGT TGT CTA ACT CCT TCC TTT TCG-3
: FOL 14: 5-TGT CCC YMG WCT CCC KCC K-3’
5 FOL 15: 5-GAA GTA MYR YAG RTG MGC AGS RAT ATC-3’
' FOL16; 5-GAT ATY SCT GCK CAY CTR YRK TAC TTC-3’
H7: 5-CGG AAT GTT AGG CTG GTT ATT GC-3
KBoj 34: 5~CTT TYC GGT TAG AGC GGA TG-3
* KBoj 32: GTA AGC GTG ACA TAA CTA ATT ACA TCA TGC GGC CCT CTA
. 10 GAG TCG ACC CAG CCG CTA 122 345 345 S67 C8A 91011 S1213 1.14.15 181718 .
g T1920 C2122 GAA GTA CCA TAG GTG CGC AG23 GAT ATC CGG
KBoj 33: GTA AGC GTG ACA TAA CTA ATT ACA TCA TGC GGC CCT CTA
GAG TCG ACC CAG CCG CGC CGC GCA CTA C8A 91011 $1213 1.14.15 161718
T1920 C2422 GAA GTA CCA TAG GTG CGC AG23 GAT ATC CGG
15 KBoj34: GTA AGC GTG ACA TAA CTA ATT ACA TCA TGC GGC CCT CTA
GAG TCG ACC CAG CCG CTA 122 345 345 SB7 201818 91011 S1213 1.14.15
181718 T1920 C2122 GAA GTA CCA TAG GTG CGC AG23 GAT ATC CGG
KBojas: GTA AGC GTG ACA TAA CTA ATT ACA TCA TGC GGC CCT CTA
GAG TCG ACC CAG CCG CTA GTT ACA GGC GTC AGT CGC CTG GAAG
20 KBoj37: GTA AGC GTG ACA TAA CTA ATT ACA TCA TGC GGC CCT CTA
GAG TCG ACC CAG CCG CTA AGC GTT ACA GGC GTC AGT CGC CTG G
KBoj38: GTA AGC GTG ACA TAA CTA ATT ACA TCA TGC GGC CCT-CTA += - >
GAG TCB ACC CAG CCG CTA ACC AGC GTT ACA GGC GTC AGT CGC C
e’ ' KBoj39: GTA AGC GTG ACA TAA CTA ATT ACA TCA TGC GGC CCT CTA
25 GAG TCG ACC CAG CCG CTA GCC ACC AGC GTTACA GGC GTC AGT C

Distribution of nucleotides for each doped position

1:.A90,C1i0

- " 2:G63A01T3C3
3:A5,T75

T30 4:G2,A4,T7T5C89
5:G2,A13,T4,C81
6:G91,A3,T3,C3
7:G48,A2,T2,C48
8:A92, T8

35. 9nA97,T3

10:G1,A1,T1,C97
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11:G1,A97,71,C1
12G94,A2,T2,C2
13 61,A1,T9M,C7
14:G1,A1,T7,C 01
5 15:G2,A2,T2,C 04
16:A 80, T 20
/17:G6,A90,T2,C2
18:G2,A2,T94,C2
19:G5,A91,T4
10 20: G 96,C4
' 21:G4,T5,C91

p 22:G4,C98
© 23:684,C3T3
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Fig. 1

1
SIDGGIRAAT
SDGGKVVAAT
~~~~~~sEVS
~~mmn~DVS
e~ GVT

51
TE. .DLKIIK
WV.PDGKIIT

'VEKADATFLY

VEARTGATVSY
VQGNGATIVT

101

TFVPVSY. PP
VENFSDY. KP
NEDLKEINDI
TEVHTNP. GL

- DFGQEDC. SL

151

GHSLGGATAL
GHSLGGAQAL
GHSLGGALAT
GHSLGAAVAT
GHSLGGAVAV

201
G.IPYRRTVN
G.IPFORTVH
TGGTLYRITH
G..NNFRETH
A.GGEYRVTH

251

VCTSDLEPSD
ICTSEIETKD
KIEGID.ATG
VIDGDV.SFD
VCEGAA.RLG

301

SOEINELTYY TTLSANSYCR

QDLFRQFNLF AQYSAAAYCG
TSELDQFEFW VQYARASYYR
TTDFSNFKFY IQHGAAAYC.

TW3.TLIYDT NAMVARGDSE

TFT.SLLSDP NGYVLRSDKQ .

SFEDSGVGDV TGFLALDNTN

DFSDSTITDT AGYIAVDHIN

SFVG.SKTGI GGYVATDSAR

VSGTKVHKGF LDSYGEVQNE
VKGAKVHAGF LSSYEQVVND
CSGCRGHDGE TSSWRSVADT
CDGCLAELGF WSSWKLVRDD
VSGCGVHSGF QRRWNEISSQ

50
: TVIPGAO . .T QDC. QIHCDA
TAQIQEFTKY AGIAATAYCR SVVPEGN...K WDC..VOCDK

KNNDAPAGTN ITCTGNACPE
ADYTAQVGDK LSCSKGNCPE
.NSEARAGSK ITCSNNGCPT

100
KZIYIVFRGS SSIRNWIADL
RTIYLVFRGT NSFRSAITDI
KLIVLSFRGS RSIENWIGNL
SAVVLAFRGS YSVRNHWVADA
KEIVVSFRGS INIRNWLTNL

150
LVATVLDQFK QYPSYKVAVT
YFPYVOEQLT AHPTYKVIV?
LROKVEDAVR EHPDYRVVET
IIKELKEVVA QNPRYELVVV ~
ATAAVASARK ANPSFNVIST

LCALDLYQRE
LAGMDLYQRE
VAGADLRGN.
LAATDLRGK.
LARANLRVG.

ERDIVPHLPP
KRDIVPHVPP

TRDIVEPRLEP
TNDPVPKLPL

ADDPVPRLPP

CSNSIVPET.
CSNSIVPFT.
GNNQP.NIP.
GNTGTGLPLL
CNGGT. LGL.

-

EGLSSSNLFL
PRLSPKNLSI
.GY...DIDV
.GYP. .SAKL
.GT. ..PVDI1

AAFGFLHAGE
OSFGFLHPGV
REFGYSHSSP
LSMGYVHVSP
LIFGYRHTTP

. SVLDHLSYF
. STLDHLSYF
. DIPAHLWYF
TDFEAHIWYF
. DIARHLEYF

YTQGQPRVGD
FTVGGPRVGN
FSYGAPRVGN
YAYASPRVGN
YTYGSPRVGN

EYWITD.NSP
ESWIKS.GT.
EYWIKS. GTL
EYWITS. PNN
EFWL.SGGGGD

GINT ~~
DINEGSCYL~~
- GLIGTCL~~
- VQVDAGKGP
- QATDACNAG
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Alignment of lipase séquanees
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BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the original
documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

BLACK BORDERS
U IMAGE CUT OFF AT TOP, BOTTOM OR SIDES
(] FADED TEXT OR DRAWING
() BLURRED OR ILLEGIBLE TEXT OR DRAWING
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U COLOR OR BLACK AND WHITE PHOTOGRAPHS
GRAY SCALE DOCUMENTS

P/LINES OR MARKS ON ORIGINAL DOCUMENT
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U] OTHER:
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